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1 Introduction

This document provides asummary and discussions of the Scenario Planner’ s functiond
capabilities. These capabilities are grouped according to their role in scenario pre-
planning, planning, execution, and event monitoring. Section 5 discusses additiona
Scenario Planner features that have been identified that will greatly enhance its utility or
were not completed in the current verson due to funding cuts and shortfals.

2 Scenario Pre-Planning

Scenario pre-planning refers to those sets of user actions to enter sensor and vehicle
models, sensor entities, vehicle trgectory data sets, and overlays. Scenario pre-planning
establishes the building blocks used for subsegquent scenario planning.

2.1 Sensor Model Entry

Through application of a data entry panel, the operator can enter model parameters and
name a sensor modd. The sensor model contains data necessary to mimic the sensor's
detection characteristics and calculate a Sgnd-to-noise (SN) datistic againgt agiven
target. Supported sensor model types include active sensors (tracking and surveillance)
and recaiver only (Globa Pogtioning System [GPS] and telemetry). After entry, a sensor
model may be selected, edited, copied to afile of adifferent name, or deleted.

2.2 Vehicle Model Entry

Through application of a data entry panel, the operator can enter model parameters and
name avehicle modd. The vehicle modd contains data necessary to congrain the
vehicle performance during scenario planning so that the scripted vehicle behavior can be
smulated redidticaly during scenario planning. After entry, avehicle modd may be
selected, edited, copied to afile of adifferent name, or deleted.

2.3 Sensor Entity Entry

The Scenario Planner supports Sensor Entity cregtion. A sensor entity isasingle ingtance
of asensor modd with a precise location and cal sign or name. Multiple sensor entities
can be created from a single sensor model. A mobile sensor entity is created by defining
its location on a specified vehicle. After entry, a sensor entity may be sdlected, edited,
copied to afile of adifferent name, or deleted.

2.4 Vehicle Entity Entry

Although considered early in the Scenario Planner’ s evolution, vehicle entity definition
as aphase of pre-planning was never daborated. Vehicle entity definition, instead, is



accomplished during scenario planning by selecting the appropriate vehicle modd and
defining the vehicle s behavior.

2.5 Data Set Entry

Outputs from externd modeding software can be imported directly into the Scenario
Planner for subsequent incorporation into scenario plans. Currently provided data sets
have come exclusvey from the Trgectory Anayss and Optimization Software (TAQS)
and have been used to describe the trgjectories of only tactica balistic missles (TBMs).
Application of this capability to other vehicle types has been demondtrated.

Imported models are modified and saved as new data sets by trandation of the origin and
rotation of the trgjectory.

2.6 Data Set Creation

The TAOS isintegrated into the Scenario Planner so that the user can request trgectory
specification for agiven vehicle type by entering specific pre-launch parameters. The
number of supported vehicles will grow as mode specification parameters for additiond
vehicles become available.

2.7 Overlay Generation

The Scenario Planner has a complete set of drawing tools that alow the generation of
graphical overlays for definition of debris hazard areas, planned intercept areas, keep-out
Zones, etc. The drawing tool alows precise location of overlay points and vertices, and
exact specification of angles. Additiondly, overlays can be fredy rotated or moved to
dternative locations.

Complex overlays can be generated by the grouping of severd smpler overlays.
Once generated, overlays can be selected, edited, renamed, or deleted.

The overlay generation cgpability includes the ability to trand ate Range-developed
graphical overlay group (GOG) filesto and from Scenario Planner overlay files.

3 Scenario Planning

Scenario planning uses the models, entities, data sets, and overlays defined during pre-
planning to script vehicle behavior, assign sensor tracking responghilities, incorporate
overlays, and generae the event timeline by synchronizing vehicle trgjectories.

3.1 Vehicle Entity Assignment

Vehicle entities are created and entered into a scenario by salection of the appropriate
vehicle mode or data set and assigning aVehicle ID (VID). The vehicletrgectory is



predefined for data set entities. Other vehicle trgjectories are specified by the entry and
modification of waypaints.

Waypoint trgectory specification alows precise definition of the vehicle path through
entry of position, speed, maneuver characterigtics, and dive/climb characterigtics. These
parameters default to mode nominal values and are congtrained by model maximum and
minimum vaues. Waypoint entry can proceed in ether aforward or backward direction
of motion. Additionally, waypoints can be inserted between a predecessor and successor
waypoint. Waypoints can be selected and edited or deleted.

3.2 Sensor Entity Assignment

Sensor entities can be assigned to a scenario by smple sdection and assgnment of
tracking responsibilities. After entry, the sensor entity can be selected, edited, or deleted.

Although not specifically identified as a Scenario Planner requirement, assignment of
multiple target tracking responsibilities during different phases of a scenario has been
indicated as a desirable feature. Thisisan area for system upgrade.

3.3 Event Timeline Synchronization

Specific points on each vehicle trgectory can be synchronized to permit expression of
scenario objectives. For example, each vehicl€ sinitid point 1P postion can be
synchronized to each other. Additiondly, a specific point on a selected vehicle' s path
can be assgned the time zero or T-0 desgnation. All synchronized trgectory times are
automaticaly adjusted to reflect rdative launch times and on-gtation times.

3.4 Planning Aids

Planning aids asss the planner to validate and demondtrate that the plan will achieve the
stated objectives. These aidsinclude:

a. Planning reports— - include waypoint reports and vehicle trgectory reports. These
report outputs are suitable for entry into other presentation and anaysis tools.

b. S/N plots- dlow the user to evauate sensor detection probability during the course
of avehicle's planned trgjectory.

c. Vdidity checks— user waypoint entries are checked to verify that model congtraints
are not violated.

d. Panned path timetics and synchronization lines- assgt the user to visudize relative
timing objectives,

e. User-friendly planning tools- alow position entry via point and click and/or precise
data entry.



f. Datareadout - provides congtant feedback to planner of relative pointer postion.

0. Scenario playback in preview mode - alows viewing of scenario plan and evauation
of time synchronization of vehicle paths.

h.  Scenario playback in loca execution mode - dlows multi-station rehearsal.

I. Scenario playback - alows playback at various speeds and includes controls for
Start, Pause, Resume, and Stop.  Scenario playback start time can be controlled by
the user.

4 Scenario Execution/Event Monitoring

Scenario Execution dlows the user to execute the scenario plan in preview, rehearsd, or
live event monitoring modes.

4.1 Visual Aids to:
Monitor actud position to planned position and path

Overlays used to monitor safety congtraints

Decison ads provided to monitor trgectory, Instantaneous Intercept Point (11P), aspect
angle, and relative Times-To-Go (TGOs)

4.2 Display Features
The Scenario Planner visudization cgpability is built upon the Tactica Display
Framework (TDF). Thisisamature and robust display capability that contains many
features, including:

a. Customizable display presentation

b. Multiple view-save for rapid recall

c. Presentation of items of interest only from customizable track lists

d. Presentation of items of interest only from Customizable track tags

e. Easy controlsthat bring target of interest into close control

f. Fully functional map features. terrain, lakes and rivers, depth contours, sovereign
territories, etc

g. Display use of the WGS 84 Earth Modd

h.  Orthographic, Mercator, or equidistant cylindrical map projections



i. Adjudtable latitude/longitude grid lines with annotations
j.  Customizable track history presentation

k. Selectabletrack symbol set

[.  Fully adjustable color scheme

m. Ability to show range/bearing line, range circle, or range circle with compass points
from reference to pointer

n.  True North vs. magnetic North presentation
0. Multiple range scde adjustment capabilities

p. Multiple view offsat controls

5 Identified Features for Future Implementation

The Scenario Planner has been devel oped based upon an extensible, object-oriented
design to dlow the user to model and add new sensors and vehicles to the suite of tools
without writing any new software. Because of this extensble design, new features can be
added with minima effect to dready implemented software features.

The scenario planning tool currently provides an excellent tool for planning complex
events, including capabilities for scripting vehicle paths, definition of high-fiddity
missile modes, and importing externdly generated high fiddlity vehicle data sets.

Additionally, sensor moddling and sensor entity crestion cgpabilities dlow placement and
performance modeling of al Range sensor assets, including sensors mounted on mobile
platforms. Scenario definition alows sensor tracking assgnment to specific vehicles and
pre-event evaluation of target coverage.

Importantly, vehicle trgectory synchronization and expression of the T-0 event dlows
the expression of the scenario objectives and the event timeline.

Aress of additiond functiondity required to complete the scenario planning capability
include enhanced planning documentation and reporting, additiona decison ads,
improved replanning capabilities, redl time event synchronization, and asset control and
information.

These requirements are described individudly in the following paragraphs.

5.1 Enhanced Planning Documentation and Reporting

Inherent in the activity of scenario planning is the entry of ahost of information,
including Vehicle IDs and cal signs, SIF codes, sensor tracking assignments, and
pertinent timeline annotations. This information can be used to autométicaly generate



scenario plan reports that are currently generated manualy. Automatic generation of
these reports will assure congstency between the plan and the report content. The
fidelity of these reports can be sdected to match the needs of the recipient. Screen
captures may be used to illustrate the report.

Collaborative planning is enhanced by the accuracy and timeliness of these reports, and
can be extended further by eectronic exchange of the actua scenario plan during
developmenta stages.

An added benefit is tha the Scenario Planner is more fully incorporated into the planning
process, encouraging increased usage.

5.2 Decision Aids

As event experience has been gained, tools to assist the Operations (Ops) Conductor
monitor assets and the progression of the events have been identified and implemented
within the Scenario Planner. These include hazard pattern overlays, “in-the-box”
intercept point prediction and display, TGO plots, and aspect angle plots. The Ops
Conductor a PMRF expressed a requirement to enhance these decision aids by providing
Go/No Go matrices. These matrices are congtructed during scenario planning by defining
criteriato be monitored during event rehearsal and during the actual exercise. As
examples, these criteria can be vehicle performance vs. nomind, sensor “on-target”

datus, target/vehicle absolute and rlative timelines, etc. Such criteria can be categorized
by decision criteria, such as “Pre-launch”, and reviewed by the Ops Conductor at the
gppropriate decison point. Thisimportant festure will be refined as additiond event
experience is ganed and with the increasing complexity of upcoming events.

5.3 Improved Re-Planning Capabilities

The Scenario Planner provides capabilitiesto eadly rotate a hazard area overlay in
conjunction with a modified launch angle. Hight paths scripted with waypoints must be
rescripted point-by-point to achieve the same aspect to a modified target/interceptor
trgectory. Currently the Scenario Planner implements a hard separation between
planning and scenario execution, so replanning using the tool cannot take place while the
event is underway.

Areas where replanning enhancements would greetly improve the utility of the tool are:

a. Event Driven Scenario Coordination: This concept will synchronize portions of the
scenario to actud externa events rather than have dl vehicle trgectories tightly
condrained to the origind planned event timeline. Event driven scenario
coordination will link the execution of related portions of the plan, to the occurrence
of adiscrete event such asthe launch of atarget missile.

b. Red Time Replanning: Thiswill dlow the operator to replan the flight path of a
controlled arcraft during the event to meet critical timeline objectives. 1t dlows
hazard pattern and target path rotation while the scenario is running.



c. Contingency Replanning: Thiswill dlow the loading of preplanned contingency
trgjectories during the event.

5.4 Real Time Event Synchronization

Current implementation of the Scenario Planner requires dl vehicle trgectories and
scripted events to betied to asingle-event timeine. Actud complex events may have
severd independent timelines. A flexible method of implementing these timelines and
alowing each to be triggered by the appropriate real time event is required.

5.5 Asset Control and Information

The Range currently has partid implementation and utilization of two software functions
caled the Sensor Information Table (SIT) and Vehicle Information Table (VIT). These
functions, upon request, send out information to clients regarding sensor to target

tracking assgnments, vehicle cal signs, and SIF codes. The SIT can dso be used to
change sensor tracking assgnments during an event. Because the scenario planning tool
is the repository of mogt of thisinformation, it is a reasonable expectation that the
scenario planning tool be charged with these two functions. Inherent in this

respongbility is the generation of the origind SIT and VIT based upon the plan,
gppropriate dissemination of the SIT and VIT, and modification of the plan in accordance
with manua changestothe SIT or VIT.



